Abstract: A growing number of people are paying more attention to the concept of environmental sustainability, implementing sustainable eating practices to minimize the waste of resources, and the production of waste products related to the food production process. The careful application of sustainable eating practices makes it possible to help the environment, public health, and society by increasing the availability of food and farmland to feed every inhabitant on Earth. Individuals impact the environment through their eating because of three factors: food, energy used in the home, and transport. The most powerful of these factors is food. Animal food production involves a greater use of resources (raw materials, land, water, energy) and produces more pollutants (chemical residues from agriculture, greenhouse gases, manure) than plant-based food. Thus, a lifestyle based on eating plant foods is not only beneficial for the environment, but also protective of a consumer's health. Alternative practices, such as using renewable energy sources or alternative fuels, however desirable they may be in combination with limiting the consumption of animal foods, are more difficult to implement across society. To change one's eating habits is, on the other hand, a simple, fast, and inexpensive approach. .
Introduction
Increasing attention to environmental issues linked to climate change, the depletion of resources, and environmental pollution has made sure that in recent years more people have devoted attention to the concept of environmental sustainability, especially with regard to consumer products, and implementing practices of sustainable consumption. The environmental impact of food production and consumption comes from all the stages of the food supply chain: agricultural production, transport, food processing, distribution, storage, the preparation of meals, and waste disposal (Scarborough et al, 2014; von Koerberg et al, 2017) . Sustainable consumption is designed to minimize the waste of resources and the creation of waste related to the food production process. As defined by FAO, "Sustainable diets are those diets with low environmental impacts which contribute to food and nutrition security and to healthy life for present and future generations" (FAO, 2010) . Every individual through their own consumption choices can minimize his or her personal impact on the environment.
Numerous studies of sustainable consumption have indicated how an individual's environmental impact is mainly due to three factors: food, energy used in the home, and transport (Weber & Matthews, 2008) . The study "Food-Miles and the Relative Climate Impacts of Food Choices in the United States" (Weber & Matthews, 2008) identifies the most powerful factor as food, which in quantitative terms is that which has a greater impact. Not being dependent on the enactment of laws or the presence of specific infrastructure, food-types have the greatest degree of personal choice, and thus are of immediate application in environmental sustainability efforts. In fact, every individual has power over his or her food choices, and can modify them at will, without incurring additional expense.
Methods
This work proposes a review of the most relevant research in the field of nutrition ecology, in order to highlight the importance of the different factors impacting sustainability. We'll discuss about the main variables implicated in the food-production process and present some research supporting the burden of animal food in the ecological impact of a diet, suggesting the importance of a shift towards a plant-based diet to increase sustainability. To this aim, we performed a literature review, searching the Pubmed and Google Scholar databases using predefined search terms. Despite an attempt to include all relevant studies, we did not conduct a systematic literature review. A systematic review would have been complicated by the multitude of different methods of analysis and of the different kind of impacts considered by different studies. Thus, we conducted a narrative literature review because it was more applicable to our research goals. Search keywords included: "ecological footprint" or "sustainability", or "environment" or "impact" in combination with the terms "vegetarian diet" or "vegan diet" or "Mediterranean diet".
The environmental impact of food production
Food production is a manufacturing process that, like all other production processes, implies the use of raw materials and resources (raw vegetables, arable land, water, energy, chemicals, animal products) and involves the emission of waste and pollutants (chemicals, manure, greenhouse gases) into the environment. Animal food production involves a greater use of resources and production of pollution than plant food (Marlow et al., 2008; Springmann et al., 2016) . A recent meta-analysis shows that animal products (namely meat, aquaculture, eggs, and dairy) use nearly 83% of the world's farmland and contribute from 56 to 58% of food's different emissions, but only represent 37% and 17% of protein and calorie global consumption (Poore & Nemecek, 2018) . This is because livestock consumes more calories from plant-based feed, grown for this purpose, than they produce in the form of meat, milk or eggs. Most of the calories consumed by livestock is used for their vital functions and not tissue products for human consumption (Alsaffar, 2016) . Each vegetable-to-animal transformation causes a loss of energy. Therefore, choosing nourishment directly from plant-based foods leads to a drastic reduction in resource consumption and pollutant emission (Poore & Nemecek, 2018) . We summarize in this section the role of the main factors determining the different environmental impacts of animal and plant foods.
Raw vegetables
The "protein conversion ratio" from plant-based feed to animal food varies for different species, ranging from a ratio of 20:1 to 4:1, with a calculated average value around 9:1 (Tilman & Clark, 2014) . This means that on average an animal will convert 9 grams of feed proteins to 1 gram of edible animal protein. Worldwide, half of the cereal (77% in Europe and USA the 87%) and 90% of soybeans are grown to feed livestock and are not used for human consumption (Figure 1; FAO, 2001 ). 
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Arable land
From the data above, it is evident that more arable land is necessary to produce animal foods than is necessary to produce plant foods. Two thirds of cultivated lands worldwide are used for feed production, while only 1/3 for the direct production of vegetable food for human consumption. Furthermore, livestock occupies an area estimated at between 30% (FAO, 2006) and 45% (Thornton et al., 2011) of arable land.
According to FAO (Padilla et al, 2012) a person whose diet is based mainly on animal proteins requires ten times more land to provide adequate food than someone living on vegetable sources of proteins. Livestock farms are also a major cause of deforestation of the Amazon region.
Between 1997 and 2003, beef exports from Brazil to Europe increased by 600%. Eighty percent of this increase in the bovine population occurred in the Amazon rainforest, and as a result it was estimated that the increase in deforestation in 2003 was 40% compared to previous years (Kaimowitz et al., 2003) , primarily to make way for pastures.
Water
On average, 70% of freshwater utilized annually is for agriculture (in large part to produce feed for livestock) and for animal husbandry (Pimentel et al., 2004) . In the United States, approximately 56% of water is used by livestock (Jacobson, 2006) . The quantity of water required to produce animal food is greater than that used to produce plant foods (Mekonnen & Hoekstra, 2010) , even when usage is in relation to the caloric contribution of the food, rather than its weight (see Figures 2 and 3 ).
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Figure 2: Liters of water needed to produce one kilo of food (Mekonnen & Hoekstra, 2010) .
Lt water/kcal
Figure 3: Liters of water required to obtain 1 kcal of food (Mekonnen & Hoekstra, 2010) .
Considering the amount of water needed to produce one gram of protein, except for fruit (with its low protein content) and nuts, a greater consumption of water is always associated with animal-based food production (Mekonnen & Hoekstra, 2010) . The most advantageous choice, in terms of water conservation, then is to obtain dietary protein from plant foods that provide them, namely legumes, grains, and vegetables ( Figure  4 ). Figure 4 : Liters of water required to obtain 1 g of food protein (Mekonnen & Hoekstra, 2010) .
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Energy
Animal food production also involves a massive use of fossil fuels. It has been calculated that to obtain 1 calorie of protein from wheat, 2.2 calories of fossil fuel are required. For beef, 40 calories are required, eggs require 39 calories, and milk and pork require 14 calories. On average, animal food production involves an expenditure of fossil fuels 12 times higher than that required to produce plant foods (Pimentel & Pimentel, 2003) .
Chemical substances
Today's agriculture is heavily dependent on the use of pesticides, fertilizers, and herbicides as well. These chemicals persist in the environment, they pollute soil and surface water and, by filtering through the ground, reach the groundwater (Marlow et al., 2009) . Pollutants accumulate throughout the food chain, by the well-known phenomenon called "bioaccumulation", reaching particularly high and dangerous levels in foods of animal origin (meat, dairy, eggs, fish). The long-term effects of bioaccumulation are especially dangerous for children and include disturbances in the immune system, negative effects on children's developing nervous systems, and on the functioning of the thyroid (EFSA, 2005).
Manure
Livestock manure cannot be used as fertilizer because it contains high levels of phosphorus and nitrogen, as well as potentially toxic chemicals like the residues of drugs given to animals, pesticides, and fertility compounds (Marlow et al., 2009 : GAO, 1999 . Agricultural manure causes pollution of the land, while by filtering through aquifers it also pollutes groundwater and affects drinking water supplies (Marlow et al., 2009; GAO, 1999) . Most agricultural manure does not undergo treatment before being disposed. The environmental load of this waste is considerable: a farm with 2,500 cows produces the same amount of waste as a town of 411,000 inhabitants (EPA, 2004) . In the United States, livestock produces 130 times the amount of excrement produced by the human population (GAO, 1999) .
Greenhouse gas
Greenhouse gas emissions related to the production of food is derived from the production and transformation processes necessary to grow food (fuel and resource consumption), from the production of slurry, and gases derived from the digestion of farm animals (Stoll-Kleemann & O'Riordan, 2015) . Greenhouse gas emissions caused by the livestock sector are equal to 18% of the agricultural total; as a percentage, this is similar to that caused by industry and greater than that caused by the transportation sector, the latter of which is equal to 13.5% (FAO, 2006; McMichael et al., 2007) . Other more recent studies report even higher percentages for the livestock sector, reaching as high as 51% (Goodland & Anhang, 2009) . Among the greenhouse gases produced by livestock, a large percentage is methane and nitrous oxide, greenhouse gases with, respectively, 23 and 286 times the impact of the greenhouse effect of carbon dioxide (CO 2 ) (FAO, 2006) .
The German consumer organization, Foodwatch, published a report in 2008, undertaken by the German Institute of Ecological Economy Research (IOeW), that compared different types of diets and their impact on the greenhouse effect. The study considered the CO 2 emitted during all steps related to the processes associated with producing food, transport, and the final disposal of waste. The amount of CO 2 produced was transformed into km-equivalents, or the distance in kilometers traveled by a car (specifically a BMW) needed to produce the same amount of gas ( Figure 5 ) (Hirschfeld et al., 2008) . A 100% plant-based diet has far less impact, with 1/8th the CO 2 production of an omnivorous diet, or even 1/15th when considering a diet based on products from organic agriculture (Hirschfeld et al., 2008) .
Methods of production
Methods of production are also pointed out as a relevant factor affecting sustainability. To investigate this aspect, in 2007 an LCA (Life Cycle Assessment) study was conducted by an Italian research group to compare different methods of production (conventional farming and organic agriculture) and dietary patterns (omnivorous-OMN, vegetarian-LOV, vegan-VEG): it represents the first report comparing the total environmental impact of these variables, evaluated by LCA analysis (Baroni et al., 2007) . The LCA analysis method is a standardized procedure for the evaluation of energy use and environmental impacts caused by activities linked to the production of foods that make up three diets analyzed in the study. This study showed that within the same method of production, a greater consumption of animal products translated to a greater, more negative impact on the environment. As a result, within the same dietary pattern, chemicalconventional production methods had a greater environmental impact than organic methods. Moreover, the total absence of animal food in the vegan diet-both for conventional and organic methods of productionresulted in the lowest impact (Figure 6 ). These results are in accordance with the Foodwatch report, with regard to GHG emissions (Hirschfeld et al., 2008) (Figure 5 ). omnivorous) and of an unbalanced omnivorous pattern (NORM) for conventional (INT) and organic (BIO) methods of production (the environmental impact has been expressed in 'points': the higher the value, the higher the impact) (Baroni et al, 2007) .
Points
Total environmental impact of three dietary patterns in relation to the content of animal and plant foods
A recent study estimated also the effects on sustainability of three types of standard menus, vegan-VEG, lacto-ovo-vegetarian-LOV and omnivorous-OMN, developed on the basis of the 2010 guidelines by the United States Department of Agriculture (USDA). It calculated the environmental impact of foods consumed on average in a week using the LCA analysis method, as described earlier (Baroni et al., 2014) (Figure 7) . Results confirmed the findings of similar studies (Figure 7 ): the diet with the smallest environmental impact was that containing no foods of animal origin (vegan). For example, considering a diet of 2,400 calories, the impact of the lacto-ovo-vegetarian (LOV) diet is 2.8 times greater (i.e., 280%) than the vegan diet, while the impact of the omnivorous diet was 4.63 times (463%) greater than that of the vegan diet. Since the three types of diets provide guidance for a healthy diet, they are based on an abundant intake of plant foods; in the LOV and omnivorous variants as well, 81% of the ingredients used in the calculation are of plant origin. So, by not analyzing the diet in its entirety, but rather the 19% of foods that differentiate the three diets, it is evident that the 19% animal component of omnivorous diet is responsible for an environmental impact between 73% to 83%, depending on the index used and the aspect taken into consideration (Figure 8 ).
Points
Figure 7: Impact of the different types of diets (VEG: vegan; LOV: lacto-ovo-vegetarian; OMN: omnivorous) for different calorie amounts (1,600, 2,400, 3,200 kcal) (the environmental impact has been expressed in 'points': the higher the value, the higher the impact) (Baroni et al, 2014 ).
Figure 8: Impact of the 19% of foods that differ among the three dietary patterns analyzed (VEG: vegan; LOV: lacto-ovo-vegetarian; OMN: omnivorous) for a 2,400 calorie amount (the environmental impact has been expressed in 'points': the higher the value, the higher the impact) (Baroni et al, 2014) .
Transferring this assessment to the three examples of a 2,400 calories diet, it follows that the non-vegetable component of the LOV diet has 9.2 times (920%) more impact as compared to similar amounts of the plantbased component present in the vegan diet, while the omnivorous diet has 17.3 times (1,730%) more impact. Another recent study that evaluated the actual environmental impact of three groups of subjects with different dietary patterns (omnivores, lacto-ovo vegetarians, vegans), confirmed that the omnivorous diet had highest impact, but found no differences in impact between lacto-ovo-vegetarians and vegans (Rosi et al., 2017) . If these results can be explained by the fact that theoretical consumption and real consumption do not match, it should be pointed out that in this study the impacts of only three variables were analyzed (daily carbon footprint, water footprint, and ecological footprint, expressed as grams of CO 2 -equivalents/d, liters of H 2 O/d, and square meters of land/d, respectively), while the estimate of the global impact, which is the sum of all impacts, can be superior to the impact of a single variable that contributes to global impact. The estimate of the overall impact was conducted only in the study described in this paragraph, which analyzed the three dietary patterns (Baroni et al., 2014) .
Although the majority of the studies in reviewed literature found a significant correlation between plantbased diets, reduction in ecological footprint and health outcomes, a few studies are in contrast with these findings (Aleksandrowicz et al., 2016) . A review of epidemiological studies on the environmental impact of self-selected diets rather than theoretical diets (Perignon et al., 2016) suggests that diet sustainability might be increased without excluding entire food categories like meat, because the self-selected nonvegetarian diet adopted by a substantial fraction of the population is compatible with nutritional, environmental, health and sustainability issues. Although reduction in meat consumption is a key factor in reducing GHG emissions, the choice of meat replacement foods is crucial, as some plant foods may have a higher impact on GHG emissions. In addition, theoretical plant-based diets (lacto-ovo-vegetarian or vegan) designed to fulfill nutritional recommendations may be questionable in terms of acceptability as a large proportion of the population is not ready to adopt this type of diets.
The Double Food Pyramid
The double food pyramid was developed in 2015 by the Barilla Center for Food and Nutrition, an organization that deals with studies related to nutrition and nutrition ecology. The graphic representation compares the classic Mediterranean pyramid, (which places those foods to be eaten daily and at a recommended higher amount down at the pyramid base and those foods to be eaten sparingly and infrequently at its apex), with the new environmental pyramid (Barilla Center for Food and Nutrition, 2015) . The environmental pyramid has its base at the top, where high environmental impact foods change with lower impact foods as attention goes toward its apex at the bottom. Impact values were determined using the studies on Life Cycle Assessment. The comparison of the two pyramids highlights the inverse relationship that exists between two aspects of each food: the nutritional value and the environmental impact generated during production and consumption.
Foods that cause the least environmental impact are also those recommended for frequent use, considered protective for our health, while foods with a high environmental footprint match those that individuals should consume with moderation, because their ingestion can result in adverse health effects. The double pyramid provides immediate and practical guidance to the general population, suggesting that a lifestyle based on the consumption of plant foods is at the same time health-protective and beneficial to the environment.
The Mediterranean Diet
The Mediterranean diet pattern is based on the consumption of high amounts of plant foods, such as fruits, vegetables, cereals (mostly unrefined), legumes, and nuts, olive oil and olives, moderate amounts of fish and dairy products, and low quantities of meat and meat products (Bach-Faig et al., 2014) . It is a plant-based diet, which in recent years began to be considered not only a healthy dietary pattern, but also a sustainable dietary pattern Dernini et al., 2017) . A systematic review of studies measuring the environmental impacts of individuals shifting from a current average dietary intake to a variety of proposed sustainable dietary patterns, including the Mediterranean pattern, shows that reductions in environmental footprints are generally proportional to the magnitude of animal-based food restriction and places the Mediterranean between Western diets and vegetarian diets in terms of their impact (Aleksandrowicz et al., 2016) . These results are in accordance with estimates by Baroni et al (2007) , which compared the environmental impact of a standard-western omnivorous diet (NORM) with the impact of three balanced dietary patterns (OMN, LOV and VEG) (Figure 6 ). In this analysis, although the OMN pattern respected the criteria for Mediterranean diet, its environmental impact resulted higher than the VEG and LOV diets' impact, although much lower than the standard-western omnivorous diet's impact.
Conclusions
Although this literature review was presented in narrative form, and is therefore prone to being incomplete, some conclusions can be drawn. A growing body of data confirms that there is a need to change dietary habits among Western populations, to reduce resource waste, and minimize the emission of pollutants and greenhouse gases. A shift towards a vegan diet is happening worldwide due to an increased awareness of environmental implications of food choices (Cooper, 2018) . In parallel, many studies are showing how the choice of eating mostly or exclusively foods of plant origin offers numerous health benefits.
Plant-based diets have been shown to reduce the risk of developing non-communicable diseases which are endemic in the Western world, as well as a decreased mortality from cardiovascular diseases (Dinu et al., 2016) . Vegetarians, whose diet is mostly based on plant-foods, tend to have lower blood glucose, lower blood pressure, and lower serum cholesterol than omnivorous eaters (Melina et al., 2016) . Thus, a lifestyle based on eating predominantly plant-based foods is not only beneficial for the environment, but also protective for a consumer's health. Alternative practices, such as using renewable energy sources or alternative fuels, however desirable they may be in combination with limiting the consumption of animal foods, appear less straightforward to implement. To change one's eating habits is, on the other hand, a simple, fast and less expensive approach.
